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(54) RADIATION DETECTOR AND X-RAY CT SYSTEM WITH THIS DETECTOR 

(57)Abstract 

PURPOSE: To obtain an X-ray data over a wide range 
through single irradiation of X-ray by arranging radiation 
detection elements with high density in the two- 
dimensional direction without lowering the detection 
sensitivity thereof. 

CONSTITUTION: Grooves 8 are made in grid in the rear 
surface of a P-type silicon substrate 14 to form a 
plurality of silicon protrusions 13 two- dimensionally. A 
plurality of N layers 16 are then formed on the surface 
of respective silicon protrusions 13 thus constituting a 
plurality of photodiodes 23. Each of the N layers 1 6 is 
coated with a transparent insulating film 17 and a 
transparent negative electrode film 18 in order to 
receive the visible Ifght emitted from a scintillator 11. 
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fcfJSfSJ: 3 legist U SK»»«n?t«««0«Jtt» 

ettottitttiims. 

ns-> y ^ vaffi*^-^ i u snm-> y 3 >sffio 

[000 1] 
[0002] 

[&*©8ffi] E&«H*£T^*n<&x&cTiSii 



W$fr£Xil^&j5£#f£-e&tf£s ^X^^ili^^r 
^■LT»ftE««nfcX«l*lilSfcJ:oTt(ll2««*a 

[0 0 0 3] fit, SBftBfiaPSlHrtES*** 5 ^. ± 

&gg*> <fc tf MfS«S3£B* <H«P L T ^ 5 jftfMMKSrt 
10 <0(f^S[UKli:«J:oT, 1312 X mf- f\ca i/&)V- 

[0 0 0 4] I8liCOi?*XSCTglT'ffil*n 

[0 0 0 5] C<DmicBTX&tk&®2 0 1 t±-»^L- 
^202t, ^UJfg2 0 3 fc*ffl#-&*>^T#|j£L 

->v^u— ^ 2 o z\c&-?T cnz°mmc^&vrc 

20 X&Bi&2 0 3lc<fcoTiJiBpJ£L*fc«$KfI^ (X 

[0 0 0 6] COi^ s taiB5^aS2 0 3 liS 9^ 
■tin < NS~> U =i >lc <£ oTM2ti5->V n Vltfi 2 
04t, H^if©#5£lcJ;-DTB3IB->U=iV»«2 0 
4 CDS® <K9T*li. Tffi) t^fiK^nfc^mK^JfT 
^$nsft«S2 0 5 -r^-vaA^if^JS^ *o 

Tf!rE-> y 3 204 o±aB«teHf3amwCTBj«« 

n5tS(©Pl2 0 6tv cne»© : &PJl2 0 6<D— 35 

«at, ^9©^#*H?*?£^$£ft?'">y ^vi 
so {bK*HT?^fig^n5«aM2 o 7 1. mm*z<D^& 
k i o Ttuie&sii 207 o^as^ic^^n. mih 

#PI2 0 6»t«»e5fc^^tl5iEmffi2 0 8 0 
8 K jjVr& < WE-> U =" >»S 2 0 4 ±OMl»fcJg«* 

n^sa©3^.^^m®2 o 9 i:, ^s*ifc»#?ifc < t 

,TSII2 0 7±fcjgfig^n, tOIB : &IEm@2 0 8* 

e-ffl^^n^m^^^rtoffi^^^ 2 0 9 

SI<«^©B3®2 1 0£, t3IBftS®2 0 
T|3ffi-> V =i >«« 2 0 4 ^g^^tlS 7 U VM«2 
1 2i:. ftiffiS-SSfS^ i ooMWJfclWB^y >F*«2 

40 1 2©fi-s§ffi;frfl&?2 i 3t^astWfc^-rsaa© 

[0 0 0 7] -?"LT, ->V^W*2 0 2*P>Rj^7t^ 

ai*f«n. cw ( sii2 o 7»cAi*bfct^, ->y 

nvStS2 0 4 tSP!20 6 

t^feic, ;me.©^^^ ; S:*fjs-r5iEm®2 o 

8. =&12iK2 1 0, 3-3*^**112 0 9s S#V-r^ 
>*"7-r j \'2 1 yjyHffi2 1 2WcfcB 

so [ooo8]ii o«-fia:«)*x^c T8if<sssn 
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5 XttttfflSOflS©— W*a*"MBl«Brc**» 
[0 0 0 93 CtOBKi^-tXW^imz 3 1 li}ga©12 

m 3 2*aR©fl»ma*?2 2 9aHjwgja**ifc 

SS2 3 sifcffi^WPlT-EBSftSSScc^ttfcliJ 
i§2 3 4iu cn&0***»«tB»2 3 4 0TlBte« 
**tU SOIB^'J Vh»£2 3 3teHj£«ft*IE««2 

3 5t, tfiE&PBW&BiM 234 ©±BfcjB*sfts 

#&tti§§2 3 4©iE#fc#*^«ft*tM*©« < M«H 
Lfg2 3 7t, Cft£>©£#*i®aiLmM2 3 7 © Ji 

agttu!H : &¥3?#*&tig§2 3 4 ic±»»£jgia*nfcft« 

g2 3 6 fc**«Wt^-ra«3SO*V7 ? W>'^'7-1' 
•Y2 3 8fc*tl^.TV'So 

[oo i o) ?Ltv =&^i*^fcBig2 3 4 eJbJEHfr 

<7-f-V2 3 8, «««a«aL«S2 3 7*^-LT, 
vhSS2 3 3micititrtz>° 
[0011] 

>f*;frl&lctI^©X«ttffli^rW*K5!l (IP*, 
2%n£&D U 1 IsI©X^*flc«fc-pT2^7C<DX^ 

ttttsftT^s. 

[0 0 12] ^CT?, H8fc:^LfcX»^mS2 0 1 % 

x^iRifc«a?ijEBLT x^iR»-r 

£©11 2 0 9-?>E82 1 OfOitX^-Xft^f^O 
T i5l§*©HHtf # L<5&<tLTL$5 h^vinM.tf'lo 

[0 0 13] 0 1 0tC^LfcX^tBi§2 3 1 * 

7.^ X^lcMIS LT 2 &7t© X I&t*- * *«*"T 5 
7^S»Cfe^Tt» -ft±?)<lfffif mLB@2 3 7, #V 

[0 0 14] *SEW»4±EOlHt»c«»x ARIftfttfklH 

stane?* 2*7E**fc*ftamOTr*c tare** 

ctifci^Tl @©Xg«8#rT-l£^8BB©Xi»7 i -** 
f#5cttfT't S«[^!S«fcbS* * C ft*E V\fe X * 
C TgB*«#"f SC. t LTfS. 
[0 0 15] 

[P!g*fS?i*-f5rt:i6©?g] ±E©Stt*»*'i"*;fc 

*zmmtktomtt}3^T, MGtttHMfctbx?!* 2 



[0 0 16] Sfc, «209nBlcfll«ttiMmtiMitt« 

a» s n saw** jflwicasi-r * >^ u— * skp 

U- * fcH»J 6 ft£ S#-> * SfiTfr £> © 

[0017] Sfc m3©^tc^a*Hg^tB§§a. 
*uie^2©^ic33v>T, toe?* i» Ft** — 

#{t£ ftfc P g*3"J => Vgffilcj»£JfcfiK LT#~> 
tt©3m»fcN«*»i«LT^«ft* * 

5. 

[0 0 18] Hfcu m4©^fc^sStM^tB§§«. 
20 IOIBm2©SIB^li:^l,->T. IMB:7*1**W:*— KU\ — 
ttffc^ftfcNS^VavSfci^-XtU KNM->V 

[0 0 19] *^5©^»c#^jK*f^Wf§l±, A 

»«ft*saw*«a«*»caa»'r* i i £ *«*f * 2 # 

fcbg§©S&S«fS£A*f® k «K#WcEl&£ ftiiJi2#¥3lf*: 

[0020] *mm6(Dm*mc&2>xMCTmmi±. to 
1 <D¥&nnm.m 5 ©^©v^-rft^icfB^©*^ 

[00 2 1] 

[flFffl] ±^©iip < #ti££ft;fc#fgSt 1 7!iMm 5 ©^ 

2 %7c<Dim&T- 2 *«ar 5 c t w-e* 5. 

[0 0 2 2] *BS^6©5IW©XiaCT«Blc < J: 

titf. Hjibm 1 7ss»5owHo»mi*iaii*fflv">T 
«*{*«rjaaibfc*oxai*ii5aii"r*o"Cs i*©x^ 
©e«-e«a«t©BfS«*a^-r 5 c t # t* « * ic 

[00 23] 

X^C TMl©«a*w-rt8H»HTf**. 
so [00 2 4] COHfcj^-rxaiCTaEBl 
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tc. X^§^3J:tfX&M*te§§l 0ft£**U SGIB« 

ssb 2ti^?> nr ^ *»* £*t lt x &*mm u * 
x^x-^*iK^-r5?g^«3 mm (*«: 

REii&fc H*£j£LTil#*^B 4 _hfc3br*-r** 
fM^B5*££;£«*.TV5. 
[0 0 2 5] * tT, WWWii:ft*««*«Wai2 
±lc«*. »f|Ej|«5©»fWP^»^TtOB«ft 
gB 2 ±\cW& 5 ttz v»*BB©W * ^ffcBfc if *SBSI 
Lfcft, * jMWfrfclUflB** ttfcSMJSB 3 fctWBB 

gsf^^iB5©a«!^SB4±fc^-rs. _ 
[0 0 2 6] tuf2a#^^B4±ic^^n 
Tv«s-x«»f®H«©5"5N &mc&g*xmfi&m 

[0027302 1 *«SWfc«S XSS^m 

SO*fiK0, @3liE2«DC-CiT®0tffeSo 02»C 

2 1 *e»-&te*T««abft*aBT?* o „ mm*m& 

[0 0 2 8] MEft&Hiiil 2ttPS">y=>MC*oT 

bros"; 3 1 3 tm&-£ftf">v ^ >s« i a 

H3lc^rto<slS*H<0#ffiK:J:oTl3fBS->y 

IHtl 7t, JIBftgO^Slci-aTfttlMli 7±k:# 
j£*n. netHMl 7©^gP#*::f|-LTMiB#NB 

fcs lulH*feS^Ki 7±lcffiB2n. tOe&ABSKl 8 
*fflSt^bTaBBE*#^.SSW*ES 1 9 i> KJ 
E&IEWS 15k7'J V htt«2 o icfctftetitc&'^y 
K 2 1 tZ'^7mW,T%tg.WtC)'^tm2 2 fc 

[0 0 2 9] ^LT\ S'V^-U— * 1 lJ^&nTW^W 
tt> t fttf ftWiBS l 8 «fc Lfc *x ' c n* 

»&&ft*aKi 8. 393&iewKi 7, bvnai 6 



#teBS» cftlcj:-3Ti:©»»©«tt*afl:«*Ts 
B*«* (x*5*-$o *5tes«ittic« cne. 

**S*2 2, VhS«2 OWO/nV^/W HZ 1 fctt 

tTyjyt-l«2 o<wiawf»«BB*Hii:jg*«nfcfli 

[0 0 3 0] C i"j3ViE] 4©S®CdfcJ^ 

fiSt Lfe^^^OP 8 let -d T -> 'J 3 1 4 cDKBffid 

10 ^%a«llc^iiJLT«ScOi'U3>'?^ei 3*J&£LT 

tc x #J"J3>S8B1 3**ttftT\ fro— J£IHBIT« 
fWIEU < Efi-T 3 C £: ST* 5. 
[003 1] Sfc, #'>>;3>^1 3fcIEWSl 5* 

•>'j3>iffil 4{PJ©&iES*ll 5£. 7'JyMfi2 
OiO#AV^K2 1 fc^^r. /^y^gM-rsi 

A^e > a^^n5ii^m^«r7'yvha«2 oiteit 

[0 0 3 2] £<D£vlc, SglfWSWCfcSX^&tfiig 
1 oitfet-'Tiis PSoyy^ylfii 4<o«®ic^ 
«te}pi8*«i*LT*»o^y3>3aaBi 3*2^?&k 

30 mrst^fetc Me&NJi 1 6*a^j;-5te^* 

5<DT\ #7 * h if 'f*— F 2 3 ©W^W^^/J^ < f 
5ct*<Ctl&^7*b^t-K2 3^2^7C7d 
[S]»cfl5S«T'EB LT X« bfc X ^Sv^ 2 *7C»»i6 

[0 0 3 3] ^-LT. COX^mggl O^r^EteSP 

Sim i m<ox^?sMt ioTitv^HcDx^Kf® 

[0 0 3 4] 0 4li*^tCj;^SfcW^ai§©^2^ 

[0 0 3 5] H4fc* , rxaittffiffi3 OttSO/^U— * 

-^3 ilcJ:t>Tcn*^nWttlc«(lbfc«. WHOM 
3 2fcJ;oTMISRl«.7 l 6*«^ffl^ (X^-^) 

so [0 0 3 6] MfB^{ti9 3 2im5\C7T,?m<Nm-> 



(5) 



%S?£W- 7-333348 



&Aft t <fc o times' y ^ ^ats 3 3 <ommw& 

6±ffi«Oifi«M*5fi* T^»««EXt 5 c t te <fc D » 
Br3glBHT?«?«K9 2: * * J: 3 n * tIROft 

s«p«3 4i:, mntE<o^mcar>-zitm*A&» 
pji 3 4 0Tffi±t»««nfc»«iiaHT«ii«*n5 

WfcOiEVff (d^W© 35t, ^*ftif<D?Slc<t 
oTWC^y 3>lfi3 3©±®ffiH^S'5«t-9fc^fiK^ 

ns^ftft«ffiK3 6 itiB&iEWS3 5 ty; v 

hS«3 7 t^fiK^tlfcS-/NV^^-y F3 8 h*'^? 
g^-f S^O/nV^S 9 fc*fiK.TV»5. 
[0 0 3 7] ^-LT. J'V^-l'— £ 3 1 ^e.RT^Jt^ffl 
MZn. cn^ftS®H3 6i!llcA^Lfci:^ Ctl^r 
SWftftm@M 3 6. v"J3 Vttffi 3 3 ©^sbs* m 
fNJl) ^l/T->';3Vlg3 3£. fttttfPB3 4 

{b£-£T, Ml? (XSHir-*) ttmLZ&Ztth 

ctie»©a«^* ; &^s ; RPii3 4<o§iE«ffi3 

5, a^3 9, 7*y>FSffi3 T&fO/sZ'itflv F 
3 8 fcfl- LT 7* 'J V h &K 3 7 ©Sg&SP^Kffift if fc^fiE 

^nfcd^m^j^? (0^«*B8-rs) *»6^*u:aj* 

[0 0 3 8] <K>[)#£\ S"J 3>li3 3<DKS»£ 
^#^-r^-vaALTS«ffi*T*#tfSftft«P® 3 

4*»j«u c4a?.<D#^e«PH3 4<ongicNS©-> 

iiteUT^SOTf. #^S«P)i3 4i:NS©->y=i 
£-f 5 clfctfT£5 #^S«PJ13 4*S^ 

s. 

[0 0 3 9] Sfc. &&&#PB3 4\ClEmm3 5*]& 
j£U Cti"=>©&T£m<I3 5K/>V^3 9$rI8lt>{>t 
tt, 'J7n-lrt»fct5, ^^3 9*M^tv' 
"jn>i«3 3«<D&jE«B3 5iu 7y>Hfi3 7 
fJO/NV^<y F3 8££vS>'7g^-r5<fc5l;:LT^ 
SOT, r^^7m3*^^2*ffiit5 
Ci:ft<, #ftettPJf3 4 0jE«S3 5*»6ffl*«n 

*«iMra*:/y vns3 7 iteit 5 c t # t 

ctiteJ:-3TlWf*!««aJl*S»te"*"*Cfc*l«T» 

[0 0 4 0] c<D«fc?fc, )B2&tt0|lcj:«XtMfttBfl 
30lcfeV^Tli. 5^y3Va<g3 3©TfflBflfr5^*fiW 
*^*VftXbTSKtiB*T#tf5ftttRPJi3 4 

j*u cne.©*fta«PB3 4©HfcNS©->y=i> 

«SLT. £AftttPJi 3 4*«^fc£«LT«ft© 

c 3 3 ©±ffiffliic nmrnm 3 6 lt , 



*7t3STlRllcKffifiETE«bT A« bfc xaiJfeWV 2 #7E 

[00 4 1] 06tt*S^U:<fcSftWS!«iaiil©^35l 
*W*S-rX««HJ»<0««lH, ^7 t±H6 fcS-TE - 
EBfSHTfeS. 

[0 0 4 2] H6te*-rX«*ffi»5 OttXOVTJWb 
Tct%. *»*^*SCdTeft2<D«7G***&¥ 

10 !5 1iao T«&©¥#f*S*3g 5 2 «%J«« ft*:** 

5 3 i: , 0 7 tc^-r to < mm& z <o^mn & •=» t 

0^lcJ;oTBuiB^^»«5 3©±iBfc«*a«n* 
3g0^ftftH@M5 5 ffi^&JEWm 5 4^7'JyH 
fi5 6tM«nft*/NV^<7 F5 7 klk^S-flfem 

[0043] * lt. ***aa Lfc xtt»ft«m 5 

CJ:!3, «WEX»teJSi:fc«*ffira (X«f*-*) 
±£-£5i:fct>fc:, cn60««fll9*#XlitjlffljR? 
5 9<D#jEW§5 4. /n>^5 8. 7V>YW&5 6 
ffi!|fiD/NV^/<y F5 7*^LT^yybS«5 6©4^P 
*MftHte«JS«*ifc«*tii*WP (B^titet 

[0 0 4 4] C©^, ¥*#g«5 3<DS®Wc^fig 
Lfe»f«OlPl5 1 fc«fcoT¥«fcgffi5 3 0Sffi« 
^StfftctffiJ LT4Hft<0¥«f^lSS 5 2 <k 5 

IE b < saM-r § C t *« T ^ 5 o 

[0 0 4 5] *fc, =&*»<*^5 2 teJEW15 4*?g 
J«U cne»©#IEmS5 4tAV^5 8£3tt)ft 

/W^/Vy F 5 7 fc/O^fittt* ± 9 fcLTV*© 
« ft<, »i|S*fl^B5 2C3EWI5 4*»6lti*Sn*« 

tucz-o Ti£®m&wmm.*&m \ct « c t *ct* 

[0 0 4 6] m3HfiS0!|H:*5X»^ffiS 
5 OlCfe^Tti. 2|«i«««5 3©«ffi»C«?«te»5 
1 *Jgj«bT*SkOi|MW*3aBB5 2«23J?7cttteJBja 
L. cn&O^i^S 2<DTv£\CjEWM5 4*fc 

&?zkthte. tmB¥»*Wfi5 3 0±ffi«teawft 
*aibfcx«*5Ktr«j;^teLTV"»*oT*x 

so flc*TF5 3©**5«**'>«<-r*Ci:4<cne.O* 
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[0 0 4 73 ±CLfc#«WWCttiM««tttt» 
COO 4 8] 

ttTs aaox^wxsfcss^sxaBfcSiaft^^sc. 

[Hffi©IB*8*wn 

can 4^fc±*flaH*fcHffl**tfcn*ffl^fc 

xac TSH<0— HflSW*^^Bn?**-> 

CH2i m i\cttxm&mm<omm*&i£M*7jk.-?m 



m3i H2te*-rx»«m«*c-c«iHB»fbfci: 
xa^aj§§©^«0T*5„ 

CH5] B4fc5S^XI**H»*D-D«T*»rUfcfc 
X«*B»©«*HT?*S. 



10 



20 



10 

CH7 ] H6kl^-rX«ttia»*D-D»T«J»rbfci: 

chs] x»cT««Tfleffl«n*x««a«©ce*ff!i 

CH9] H8fcasrX»»ta«*A-AttT»«WLfc2: 

mi o] x«cT««T^*ftsx«ftHJ»D«i© 

CHI 1] HI 0£5Vrxa&fcHS§*B-BiSrt*«»TL 

i xacT^e 2 se#§sb 3 msmm 

4 jffi^ft^sa 
5 8 , s i m 9 $BfeEK» 

10, 3 0, so xfa&mm mmmtkm&) 

11, 3 1 S/Vf-U-* 12 ft&fflg§ 

13 ->y3>^88 c«c«»»a«?) h, 33 

1 5, 3 5, 5 4 lEWm 1 6 Ni 1 7 16 



2 1. 3 8, 5 7 



is, 36, 55 nwmm 1 9 

2 0, 3 7, 5 6 

2 2, 3 9. 5 8 AV^ (Ayyg^f) 

2 3, 4 0 7*h^-f*-H 3 2 fttttHB 

3 4 fttt«Pl 

5 2 ¥VH4iSB 5 3 ¥3l{*gffi 5 9 Xm. 



CHI] 



1 (IBCTBB) 




5 



id cxttwas) 



^¥7-3 3 3 3 4 8 



[02] 




2 i i^y?*? F) 



[033 



2 3 (7i >4r<i*- K> 




20 (r!>>hSiJ 
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3 1 t>>?l'-*) 




[05] 



4 0 (7#h^-f* 




3 0 CXSUftlfiS) 

3 3 

3 4 (ftSttPH) 

3 9 C^X**) 



3 9 (^>^> 



[09] 




24 0 (7* h^-f*-.K) 
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CH6] 



5 1 C*> 



5 5 Cfi«SK) 




2 t&mw&m} 



2 09 C=*^^BS> 
2 01 <X*»tiJS) | 211 >^*-<*> 

2 10 C61B) 

2 0 2 i&yf-y—p') 

2ii c***"^ *> 



20 9 Ca****«) 
213 C«^ft*tt^> 




2 0 3 <£tttilS> 



2 12 C^9>hS« 
2 04 C£"; = ^*K> 



[011] 
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